Abstract-We present the results of the experimental study of the influence of dusty structures on plasma. We have studied glow discharges in neon and argon with Al2O3 polydisperse particles and melamine-formaldehyde monodisperse particles with the diameter of 4.83 µm. We used optical emission spectroscopy and laser-induced fluorescence methods to measure shift of excited atoms populations, which led to similar results. In most cases, the population change was negligible as compared to the inaccuracy. Al2O3 particles in argon formed large structures which caused dramatic redistribution of radiation. In this case, spectral lines and fluorescence became 9-50% weaker at the tube center after dusty structure formation. It might be accounted for by a decrease of electron density due to recombination on the surfaces of the particles. Near the tube wall, the radiation became brighter due to an electron temperature increase. Photographs of the discharge allowed us to calculate the radial distribution of the population shift.
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I. INTRODUCTION

P
LASMA with levitated macroparticles is called dusty or complex plasma. Dusty structures influence plasma conditions. In a glow discharge, the dusty particles have negative charge because electrons have much higher temperature and much lower mass than ions [1] . Thus the electron density becomes less than the ion density. Electrons and ions recombine on particle surfaces and the electron temperature increases to compensate these losses. Metastable atoms also die on the surfaces.
In papers [2] - [7] , the influence of dusty particles on excited atoms density has been investigated in Ne and Ar RF discharge. The effect value and even its sign depend on the gas, particle size, and discharge conditions.
In papers [8] , [9] , spectra were measured for a variety of the dusty structure sizes in neon and argon glow discharge. The experiments revealed that the electric field strength in a discharge increased at low currents in neon and argon upon the injection of Al 2 O 3 and zinc particles, whereas line intensities remained unchanged against the background of experimental errors. In contrast, at a current of 2 mA, the effect of particles on the discharge supply voltage was undetectable, whereas the intensity of lines increased. At all currents in neon, the line intensity increased proportionally to the volume of the structure, whereas, in contrast, at all currents in argon, the line intensity insignificantly decreased with the structure growth. In [10] , the influence of the structures on Ne levels population was investigated with laser-induced fluorescence in a glow discharge. Dusty particles increased the population, but only in one condition set the increasing was statistically significant. Theoretical analysis of the dust-plasma interaction in a glow discharge was developed in [11] - [13] .
A detailed review of dusty structures influence on glow discharge plasma can be found in [14] .
II. EXPERIMENTAL SETUP
We used laser-induced fluorescence method and optical emission spectroscopy. The scheme of the experimental setup is presented in Fig. 1 . The laser-induced fluorescence was used to measure the population of the metastable and resonance energy levels, which do not have quantum transitions in the visible spectral range. The method involved plasma irradiation with a dye laser turned in resonance with absorption line of an excited atom. The atom transited to a more excited state and could relax in several spectral lines. Hence, laser shot led to fluorescence impulse, and the higher the atom density in the initial excited state was, the stronger fluorescence pulse was registered. Our dye laser produced the pulses with the duration of about 10 ns and frequency of 6 Hz. The laser line width was of the order of 0.01 nm which was much wider than a spectral line width in the discharge.
The discharge tube (Ø 30 mm) had plane windows that did not distort the laser beam. The laser beam was positioned near the down border of the windows to pass through the dusty structure. Also, the tube contained a stricture (narrowing Ø 5 mm) that stabilized the plasma stratification and created a perturbation for the dusty structure trapping (see Fig. 3C ).
We used Avantes Avaspec 2048FT-2-DT spectrometer for emission spectroscopy. The spectrometer had a fiber input. We conducted 2 series of experiments. Firstly, we pointed the fiber to the tube center and, secondly, to an area near the tube wall (about 8 mm from the tube center). The fiber was situated at the same height as the laser beam for laser induced fluorescence.
To measure the emission distribution, we took photos of the discharge.
III. RESULTS
The results of the laser-induced fluorescence have been previously presented at a conference [15] .
We studied glow discharges in neon and argon with Al 2 O 3 polydisperse particles and melamine-formaldehyde monodisperse particles with the diameter of 4.83 µm. In neon we investigated levels 2s 2 2p The results are presented in table I. In most cases the population change was negligible as compared to the inaccuracy. Al 2 O 3 particles caused significant decrease of the fluorescence.
The spectrum measurements showed the same results. In  Fig. 2 , the relative influence of dusty structures is presented, Fig. 3 . Photographs of the discharge. Ar P = 30 Pa, I = 2 mA. A -plasma without particles; B -plasma with Al2O3 polydisperse particles; C -the dusty structure illuminated with a laser knife. The plane windows are visible at the top and the narrowing is at the bottom. The top of the structure is shadowed with the window border. A white mark in the left shows the height at which radial distribution was calculated.
which is the value of I dusty − I f ree I f ree , where I dusty and I f ree are spectral line intensities with and without particles, respectively. The positive values mean that intensity with dusty structure is higher than that without the particles and negative values mean that the dusty structure decreases the intensity. The dusty structures cause an intensity decrease at the tube center and an increase near the wall. Al 2 O 3 particles form one elongated structure with a complex shape. Melamine-formaldehyde particles in our conditions form two shot structures: one is just above the narrowing and another structure is at the windows level. We investigated only the upper ones those are about 8 mm in length and 5 mm in diameter. Photographs in Fig. 3 show, that Al 2 O 3 particles dramatically change the Ar plasma emittance. In other cases (Ne or Ar with melamine-formaldehyde particles) the effect is not eye-visible.
We have calculated radial radiation distribution with the Abel transform:
Here ε(r) is the radiation of elementary volume of the plasma, R -the tube radius, b(x) -the plasma brightness, and x is the pixel horizontal coordinate calculated from the discharge image center.
We calculated the distribution (Fig. 4) in arbitrary units, because we used pixel values of the photographs as the brightness.
The distribution was calculated at the height slightly lower than laser-induced fluorescence, and the spectrum measurements were conducted (see a mark at Fig. 3 ), because the Abel transform is suitable only for cylindrical symmetrical objects.
IV. CONCLUSION
The experiments have shown that dusty structure can greatly change the plasma conditions in positive column, but the effect depends on a type of gas, discharge conditions, size and concentration of particles and size of the structure. The structure can completely change the radiation distribution, both radial and axial one. The radial distribution of plasma radiation with dust particles in Fig. 4 correlates with the distribution of electrons obtained in [12] for neon. It can be explained with electron and ion recombination on the surfaces of the dust, which leads to an electron density decrease near the tube center, and thus, to a decrease in the excited atoms population. The electric field and the electron temperature grow to compensate the losses [14] . That is why the population of excited atoms near the tube wall is greater in dusty plasma than that in plasma without particles. For the quantitative explanation of the result, the strata theory of positive column with a nonuniform radius should be taken into account.
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